A reduced rate of diastolic closure of the anterior mitral leaflet has been shown to occur in mitral stenosis, primary pulmonary hypertension, and in cases with reduced left ventricular compliance. Posterior motion of the posterior mitral leaflet in diastole has been the distinguishing feature to rule out the diagnosis of mitral stenosis.
ECHOCARDIOGRAPHY has been used extensively in the diagnosis and evaluation of mitral stenosis. The major echocardiographic criteria for accepting the diagnosis of mitral stenosis have been reduction in the early diastolic slope of the anterior mitral leaflet,'15 and anterior motion of the posterior mitral leaflet so that the two leaflets move parallel with each other in diastole.' 6 A slow early diastolic slope of the anterior mitral leaflet has also been reported in patients with reduced left ventricular compliance or primary pulmonary hypertension."10 However, in these cases, the posterior mitral leaflet moves normally, that is, posteriorly in the opposite direction to the anterior leaflet. Posterior motion of the posterior mitral leaflet has been accepted to rule out mitral stenosis.` 8 We are reporting cases of mitral stenosis where the posterior leaflet did not move parallel to the anterior leaflet, but moved in the opposite direction.
Methods
We reviewed 167 patients with mitral stenosis who had technically adequate echocardiograms. The echocardiograms were obtained with a commercially available ultrasonoscope using a 2.25 MHz, 10 cm focus transducer. We employed the technique of recording mitral valve echoes as described in the literature. -3, 6 From the third or fourth left intercostal space two beam directions were used: 1) superomedially to obtain maximum motion of the anterior mitral leaflet, 2) slightly infero-laterally to record simultaneously both the anterior and the posterior mitral leaflets. Particular attention was paid to the identification of the posterior leaflet from the mitral annulus by scanning the beam. Cases in which the posterior leaflet could not be seen were discarded. The records were classified into two categories depending on posterior leaflet motion as anterior, parallel to the anterior leaflet, or posterior, in the opposite direction of the anterior leaflet. The mitral valve was considered to be thickened if the width of the anterior mitral echo was greater than neighboring echoes such as the posterior left ventricular wall or left-sided septal echoes at the lowest sensitivity gain sufficient to visualize the mitral echoes." In patients who had normal sinus rhythm and a heart rate of less than 100 beats/min, the atrial wave was evaluated using the FA/DE ratio ( fig. 1 ). The alphabetical designations indicated in fig. 1 are those used in the literature. '4 The severity of mitral stenosis was estimated by measuring the diastolic slope of the anterior mitral leaflet in mm/sec.'-' Nine of the 16 patients with posterior motion had commissurotomy. In the remaining seven patients the diagnosis of mitral stenosis was confirmed by cardiac catheterization. Two patients were catheterized after commissurotomy.
Gorlin's formula'2 was used to assess the severity of the mitral stenosis on the patients who were catheterized. Those with valve areas of 1.2 cm' or greater were classified as mild to moderate mitral stenosis while those with a valve area less than 1.2 cm2 were classified as severe. Four patients had echocardiograms before and after commissurotomy. We also studied mitral valve echoes of 25 normal individuals and 22 patients with hypertrophic cardiomyopathy. The FA/DE ratio was analyzed using the mean ± SENt.
Results
Of the 167 echocardiograms of patients with mitral stenosis, 151 showed anterior motion of the posterior 511 mitral leaflet during diastole as classically described in mitral stenosis ( fig. 2 ); 44 of these echoes were obtained after mitral commissurotomy. In 16 cases the posterior leaflet moved in an opposite direction to the anterior mitral leaflet during diastole ( fig. 3 ). All 16 patients in whom the posterior leaflet moved posteriorly had mitral stenosis proven by cardiac catheterization and in nine it was confirmed at surgery as well (table 1) . Three other patients who had posterior motion but did not have cardiac catheterization are not included in this report. Five of the patients who had posterior motion of the posterior leaflet had severe mitral stenosis while the other eleven had mild to moderate stenosis. There was good correlation of the mitral valve area and the diastolic slope in the nine catheterized patients, except in one with severe mitral regurgitation (patient 2). None of the patients had significant aortic valve disease. Two of the unoperated patients had angiographic evidence of moderate to severe mitral insufficiency.
Two patients had clinically significant mitral regurgitation after commissurotomy. In the four patients who had echocardiograms before and after commissurotomy, two had posterior motion of the posterior mitral leaflet before and after. In one the posterior leaflet moved anteriorly before and posteriorly after commissurotomy. In the fourth patient the posterior leaflet was not seen before surgery. In normal individuals and in all cases with hypertrophic cardiomyopathy, the posterior leaflet of the mitral valve moved posteriorly during diastole (figs. 1, 4) . Atrial wave analyses showed that patients with mitral stenosis in sinus rhythm had a mean FA/DE ratio of 0.18 ± 0.016. Only one patient postcommissurotomy had a ratio of 0.45, whereas in normal cases and in those with hypertrophic cardiomyopathy, the mean FA/DE ratio was 0.65 ± 0.028 and 0.73 + 0.040 respectively. Except for one postcommissurotomy case all of the 167 patients in this report showed thickening of the mitral leaflets. 
Discussion
The original description of the echocardiogram of mitral stenosis emphasized reduced diastolic motion of the anterior leaflet as a major criterion for the diagnosis.' However, with increasing use of echocardiography, it was found that reduced diastolic motion of the anterior mitral leaflet was also present in cases with reduced left ventricular compliance such as :y-aortic stenosis, hypertrophic cardiomyopathy, or ischemic heart disease.9"10 It was also noted in patients with pulmonary hypertension.6"8 This made it difficult to diagnose mitral stenosis on the basis of this criterion alone. It was noted subsequently that in mitral stenosis the posterior mitral leaflet moved parallel with the anterior leaflet rather than in opposite directions, while the latter was the case in patients with reduced left ventricular compliance or pulmonary hypertension.6`8 Thus anterior motion of the posterior mitral leaflet was taken as the sine qua non for mitral stenosis, while posterior motion of the posterior leaflet was accepted as evidence against it.6`8 In our 167 cases with mitral stenosis, there were 16 exceptions to this; that is, the posterior mitral leaflet moved away from the anterior leaflet. If this feature had been used as a rigid criterion, mitral stenosis would not have been diagnosed in these cases. Despite the atypical motion of the posterior mitral leaflet, the diagnoses of mitral stenosis was suspected in these cases because the mitral valve was definitely thicker than normal, and the FA/DE ratio was reduced in patients in sinus rhythm. Quantitative measurements of the A wave have not been published, although, as a qualitative estimate, reduced amplitude of A wave has been noted in patients with mitral stenosis. [4] [5] It is not clear why both the anterior and posterior mitral leaflets appear to move in the same direction in most cases of mitral stenosis. It has been suggested that because of fusion of the commissures in mitral stenosis, the leaflets are closer to each other during diastole than normal. If this were the case one would expect to find parallel motion of the leaflets in the severe cases, and leaflet movement in opposite directions in the milder ones. However, five of our cases with severe mitral stenosis showed the leaflets moving away from each other, while 113 with mild to moderate stenosis had parallel motion of the leaflets. Commissurotomy did not appear to influence the leaflet motion; 44 of 53 cases who had commissurotomy showed anterior motion of the posterior leaflet. Two of our four patients had posterior motion before and after commissurotomy. Mitral regurgitation may influence leaflet motion. However significant mitral regurgitation was present in only four of 16 cases with posterior motion of the posterior leaflet. Of those postcommissurotomy, two of nine had clinical evidence of significant mitral regurgitation.
The motion of the mitral valve as seen in the echocardiogram is the net motion toward or away from the transducer placed over the anterior chest wall and includes the whole mitral apparatus as well as the motion of the leaflets. It is likely that posterior leaflet motion is reduced in mitral stenosis and what may be recorded is anterior motion of the mitral apparatus during diastole, which is greater than the posterior motion of the posterior leaflet. When posterior motion of the posterior leaflet is seen in mitral stenosis, it may mean that despite significant mitral stenosis the posterior leaflet is still flexible and mobile and its total posterior motion is relatively greater than is usual in this condition.
Leaflet motion may correspond to the type of mitral stenosis. In the commissural type both leaflets may move anteriorly, while in the cuspal or chordal type with less commissural fusion the leaflets may move away from each other.13 It was not possible to confirm this hypothesis in the study because our cases had closed mitral commissurotomy. Quantitative reduction or absence of the mitral A wave (with sinus rhythm) and thickening of the anterior leaflets are helpful in the diagnosis of mitral stenosis. In patients with tachycardia, diastole may be shortened and the A wave, as measured in this study, may appear smaller. In these cases echocardiography should be repeated at a lower heart rate.
